Summary: The most satisfactory diagnostic procedure for hereditary angioneurotic oedema is the demonstration of low serum levels of Cl esterase-inhibitor. A modified method for the assay of this protein is described. It is based on the kinetic measurement of the Cl esterase-inhibitor when it inhibits the hydrolysis of N-acetyl-L-tyrosine-ethyl ester by Cl esterase. The relative Cl esterase-inhibitor concentration is based on the initial hydrolytic velocity, which can be evaluated from the pH change in a short time and within a small range. High reproducibility, cheap instrumentation and short time of analysis are some of the favorable aspects of this method in comparison with the 'end point titrimetric' method. Furthermore, this paper describes the mechanism of inhibition of Cl esterase by Cl esterase-inhibitor. The results are indicative of a non-competitive mechanism. The value of the Michaelis-Menten constant, K my is 0.017 ± 0.001 mol/1 at 37 °C, in the optimum pH range 7.2-7.4. An estimate of K\ in arbitrary units is also given.
Introduction
* levels of Cl esterase-inhibitor (1), which modulates the " . -. -. -activation of the complement classical path way. In its Hereditary angioneurotic oedema is a well defined clinical afesence Cl activation eds aut ocatalytically and syndrome characterized by a repeated occurrence of acute feacts ^ ^ substrates C4 ^ C2 The attacks of oedema in any organ, skin and mucosae of the atic assay of es terase-inhibitor is to be upper respiratory and gastrointestinal tracts.
^^ ^ ^ ^™ ochenucal met hod, since a The most satisfactory diagnostic procedure for hereditary variant of hereditary angioneurotic oedema is known, angioneurotic oedema is the demonstration of low serum which is due to a functional deficiency of the inhibitor . (2, 3, 4) . The enzymatic measurement was performed by i) This study was supported in part by Grant No. 78.02281.04 of evaluating the esterolytic activity of the Cl esterase on Consiglio Nanpnale delle Ricerche, Rome the synthetic substrate, N-acetyl-i-tyrosine-ethyl ester, 0340-076X/80/0018-0017S2.00 ©by Walter de Gruyter & Co. · Berlin · New York by microformol titration, as described by Levy & Lepow (5) . Other authors (6,7) have subsequently modified this method based upon the hydrolytic property of Cl esterase on N-acetyl-Z-tyrosineethyl ester. Cl esterase is added to the inhibitor, until hydrolysis is complete, the reaction being followed to the end point with a pH-stat automatic titrator.
This paper describes the kinetic mechanism of the inhibitory effect of the Cl esterase-inhibitor on the hydrolysis of N-acetyl-I-tyrosine-ethyl ester catalysed by Cl esterase. Furthermore, it presents a modified technique for the assay of Cl esterase-inhibitor. High reproducibility, cheap instrumentation and quick analysis are some of the favorable aspects of this method.
Materials
The reactor is stirred magnetically and thermostated by means of a water jacket at 37 ± 0. 
Results
Hydrolysis of the synthetic substrate (S) initiated by Cl esterase (E) was studied with normal human serum containing Cl esterase-inhibitor (I), and with a purified inhibitor. The results are illustrated in figures 1 and 4 for the normal human serum and in figure 2 for the purified Cl esterase-inhibitor.
As shown in figure 1 The results are also reported in figure 3 in terms of the direct-linear plot of Eisenthal & Cornish-Bowden (11). This figure shows that the inhibition mechanism is noncompetitive and provides an accurate estimation of K m .
The linear correlation between 1/v and the amount of purified Cl esterase-inhibitor, expressed in μΐ, also holds when the inhibitor is present in the normal human serum (fig. 4) . Samples of scale quantities of normal human serum (0-40 μΐ) were tested at an enzyme concentration corresponding to 40 mU/1. Figure 4 represents the calibration plot of the inhibition percentage in respect to pooled normal sera. Twenty normal subjects were tested and they showed a range of variability of 83-126% pooled normal sera (x ± 2SD).
Cl esterase-inhibitor in the serum of a patient with hereditary angioneurotic oedema was 43%; it was 18% in serum when Cl esterase-inhibitor was inactivated by heating for 30 min at 59 °C. This latter value confirmed the fact that Cl esterase-inhibitor is thermolabile (12).
human serum is to be expected (8, 9 ). This effect, if present, is negligible in our experimental conditions, since no autoacceleration was detected, as clearly shown in figure 1 . It should be noted that the rate of the hydrolytic reaction is proportional to the enzyme concentration (30-40 mU/1), whereas the presence of the inhibitor has a negative influence on the rate of hydrolysis.
The effect of the substrate concentration on the rate of hydrolysis was extensively studied with normal humari serum and with or without purified Cl esteraseinhibitor. 
Discussion
The experimental results compare well with the results reported by Haines & Lepow (10), who studied the enzyme kinetics in absence of the inhibitor.
Due to various factors in our system and the way the velocity was measured, the effect of pH on the rate of hydrolysis should be taken into consideration. In the experimental pH-range (7.2-7.4) the activity of the enzyme and the inhibitor are on a plateau (6.7-8.0). In fact, Haines & Lepow (10) have shown that when the pH is varied between 6.7 and 8.0, the Cl esterase activity towards N-acetyl-L-tyrosine-ethyl ester is optimal; Pensky et al (12) found a greater pH-range for the optimum of Cl esterase-inhibitor function. On the other hand, the results of this study showed that the pH had no significant effect on the system under the experimental conditions.
Concerning the relationship between the velocity of esterolytic reaction and the inhibitor concentration, the data obtained show that 1/v is linearly related to the μΐ of normal human serum or the μΐ of purified C1 e.steraseinhibitor. This reaction can be expressed by the equation: 1/v = K! + K 2 [I] , which allows us to measure the inhibition, expressed as % pooled normal sera. The principle on which this assay is based derives from the mechanism of inhibition. In 1975 Harpel & Cooper (13) studied the molecular basis of the interaction between Cl esterase-inhibitor and Cl ester se. With SDS gelaciylamide electrophoresis they saw that the enzymeinhibitor complex was in equilibrium with the free enzyme and free inhibitor; no cleavage peptides of the Cl esterase-inhibitor were found as a consequence of the action of Cl esterase, suggesting that this was not the real substrate for the enzyme. However, these findings were not sufficient to determine the type of inhibition and the equilibrium present in this system. Although other authors (10,12) had studied the kinetic characteristics of Cl esterase and some properties of Cl esteraseinhibitor, these aspects of the problem had not been taken into consideration. The enzymatic dosage suggested by thenij which gave way to successive methods, was based on the general ability of Cl esterase-inhibitor to diminish the hydfolytic activity of the Cl esterase on N-acetyl-L-tyrosine-ethylester while the kinetic problem was not duly taken into consideration. The experiments carried out in our laboratories with purified Cl esteraseinhibitor have confirmed the results with human serum, and they have permitted the characterization of the mechanism of Cl esterase inhibition, and the determina- Based on non-competitive inhibition, a new kinetic assay is suggested in place of the previously reported method (8) , which seems to be less rigorous and reproducible. The processes involved in the method reported by Lachmann et al. (8) are in fact complicated by the presence of the phosphate buffer, whose basic component (HP04~) reacts with the H + freed in the enzymatic reaction, when repeated amounts of Cl esterase are added. This implies that the 'end point' claimed by L chmann et al. (8) is attained when enough Cl esterase is added to overcome the effect of HPO^", in addition to that of the inhibitor alone. It is worth noting that one should keep in mind the exact quantity of HPOj" present. This factor has been explicitly considered by the authors. Moreover, the repeated sampling of Cl esterase contributes to the systematic errors, and it decreases the rapidity of the method by a factor of 5. hi contrast, our method is highly reproducible as is shown in the calibration plot of figure 4 , where the regression factor is 0.998. Furthermore pur method is more economic, since it is not necessary to use a complicated pH-stat, but simply a pHmeter connected to a suitable recorder.
